Giant intracranial aneurysm is a life-threatening lesion and treatment of the aneurysm could be hazardous and complex. This study describes direct surgical treatment of giant middle cerebral artery (MCA) aneurysms using microvascular reconstruction techniques in 13 patients treated between 2006 and 2009. In all 13 patients, superficial temporal artery (STA)-MCA (M 2 ) anastomosis was performed as a precaution prior to attacking the aneurysm. During surgery, microvascular reconstruction of incorporative arteries was additionally performed if the aneurysm was removed. Direct neck clipping was performed in four patients, trapping and removal of the aneurysm in one, and removal of the aneurysm with vascular reconstruction of the MCA in eight patients. Minor ischemic complications due to perforator ischemia were recognized in 6 patients, and 10 patients achieved functionally favorable outcomes (modified Rankin scale score 0 or 1). In direct surgery for giant MCA aneurysm, precautionary STA-M 2 bypass could provide appropriate surgical strategies tailored to individual cases, including direct clipping and removal of the aneurysm with or without vascular reconstruction. Microvascular reconstruction techniques are essential for complete cure of giant MCA aneurysms.
Introduction
Giant intracranial aneurysm, with maximum diameter of 25 mm or larger, is a life-threatening lesion with a mortality rate of 65-85% within 2 years. 3, 5, 6, 13, 14) Giant intracranial aneurysm should be treated aggressively considering the grave natural history, but sometimes the treatment can be hazardous and complex. Several cases of the treatment of giant middle cerebral artery (MCA) aneurysms have been attempted, but were not always successful. 1, 2, 4, 7, 8, 10, 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The appropriate treatment should be selected according to the characteristics of each aneurysm. This study reviewed the treatment of our series of giant MCA aneurysms.
Materials and Methods
A total of 1232 aneurysms were treated with direct surgery at the Asahikawa Red Cross Hospital between 2006 and 2009. Of these, 13 were giant MCA aneurysms ( Table 1) . None of the patients, 5 males and 8 females aged 14 to 77 years (mean 42.4 years), had received previous treatment for aneurysm. The clinical characteristics are shown in Table 2 . The aneurysm diameter was 25-50 mm (mean 33.1 mm) on imaging. The aneurysms were saccular in six, thrombosed in four, fusiform in one, and serpentine in two patients. Ten patients presented with no symptom, two with subarachnoid hemorrhage, and one with convulsion.
All aneurysms were treated through frontotemporal craniotomy followed by the distal transsylvian approach. Superficial temporal artery (STA)-MCA (M 2 ) single or double anastomosis was performed 
Results
Direct neck clipping was performed in four patients, trapping and removal of the aneurysm in one, removal of the aneurysm with M 1 -M 2 reanastomosis in five, and removal of the aneurysm with complex vascular reconstruction of the MCA including the incorporated perforator in three patients ( Table 2) . Reconstruction of the perforator was performed in three patients (Cases 1, 8, and 11), and anticoagulant and antiplatelet agents were administered intra-and postoperatively in these patients. Minor ischemic complications caused by perforating artery injuries were recognized in six patients, asymptomatic in one and manifesting as only hemiparesis in five. We speculate that reconstruction of a perforator might not be finished in time and transient trapping of the aneurysm might include a perforator. Permanent neurological deficits persisted in four patients. No complication other than perforating artery ischemia was recognized in all patients, and 10 patients had functionally favorable outcomes (modified Rankin scale score 0 or 1) ( Table  2) . Magnetic resonance (MR) imaging including diffusion-weighted imaging was performed immediately after surgery in all patients and revealed perforator ischemia in six patients. Three-dimensional computed tomography (3DCT) angiography or cerebral angiography was performed within 7 days after the surgery. 3DCT angiography and/or MR imaging were performed every 6 months for long-term follow-up study. The aneurysms were not visualized in any of the patients throughout the course of follow up. All M 1 -M 2 reanastomoses and all STA-MCA anastomoses for stump M 2 remained patent, but evaluation of complex vascular reconstruction was difficult.
Intraoperative MEP monitoring was used in seven Table 3 . Perforator ischemia was detected even in patients with recovered final intraoperative MEP, but these patients had functionally favorable outcomes.
Representative Case 1: A 23-year-old woman with no neurological deficits was incidentally found to have a giant saccular aneurysm on the right MCA, 40 mm in maximum diameter (Fig. 1A) . Removal of the aneurysm was planned under intraoperative MEP monitoring, as shown in Fig. 2 . Part of the aneurysm appeared as soon as the sylvian fissure was opened. STA-MCA single anastomosis was performed prior to exposing the aneurysm to secure the cortical blood flow. The aneurysm was so large that incision was required to confirm any branches on the blind side. The aneurysm was temporarily trapped and the aneurysm wall was cut with a 
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Surgery for Giant MCA Aneurysms monopolar coagulator. The presence of any perforating artery was confirmed from inside the aneurysm near the proximal neck and then the aneurysm was removed. Finally, complex vascular reconstruction was completed of the MCA with additional STA-MCA anastomosis including reconstruction of the perforator, and detection of MEP was confirmed. Postoperative diffusion-weighted imaging showed perforator territory ischemia (Fig.  1B) , but she had a functionally favorable outcome and is now working at an office. The aneurysm had disappeared completely on follow-up imaging 2 years after the surgery (Fig. 1C) . Representative Case 8: A 15-year-old woman with no neurological deficits was incidentally found to have a giant partially thrombosed aneurysm of the left MCA, with a maximum diameter of 35 mm (Fig.  3A) . Surgery was performed under intraoperative MEP monitoring, as shown in Fig. 4 . After precautionary STA-MCA bypass was performed, the M 1 portion was temporarily clipped. After the aneurysm was incised to confirm the branches from the inner wall, the MEP waves disappeared, so rapid reperfusion of the artery was essential. A perforator branching from the aneurysm wall required reconstruction with an STA patch (M 1 -perforator end-toend anastomosis with STA patch). Regrettably, MEP did not recover until the end of the surgery. Postoperative MR imaging showed perforator territory ischemia (Fig. 3B ) and the patient had severe hemiparesis. However, the patient is now walking with a T-cane after rehabilitation. The aneurysm had disappeared completely on follow-up imaging 1 year after the surgery (Fig. 3C ).
Discussion
We could obtain favorable outcomes after the direct surgery of giant MCA aneurysms using microvascular reconstruction techniques before and after direct intervention to treat the lesions during surgery. Precautionary STA-MCA bypass may prevent possible ischemic events during necessary temporary clipping, and further vascular reconstruction of the stumps of incorporated MCA branches may restore the blood flow. Advanced anastomosis techniques are recommended for the treatment of giant MCA aneurysms. A significant number of smaller series or case reports have described the treatment of giant MCA aneurysms. 1, 2, 4, 7, 8, 10, 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] A few experienced surgeons have included patients with giant MCA aneurysms in larger series of cerebral revascularization, 6, 9, 11, 17) but these cases were not described separately. Giant MCA aneurysms were treated with a flow replacement bypass. 25) The excimer laser-assisted nonocclusive anastomosis technique was used on 22 patients, and specific bypasses were described in detail. Endovascular coiling with extracranial-intracranial bypass was used for giant MCA aneurysms, 20) and preservation of incorporated branches was discussed. Neither study mentioned anything about perforator ischemia. We believe that perforator ischemia is an unavoidable problem for H. Nakajima et al.
complete cure of giant MCA aneurysms, but this has never been discussed in the previous literature.
Preservation of the blood flow in both the cortical and perforating artery territories is a difficult issue for the treatment of large/giant MCA aneurysms. Precautionary STA-MCA bypass may save peripheral cortical blood flow. On the other hand, small caliber perforating arteries such as the lenticulostriate arteries around the aneurysm cannot be detected on preoperative neuroimaging. Even exposing the aneurysm is unlikely to identify all such vessels. In such cases, simple neck clipping or trapping without meticulous observation around the aneurysm would be harmful.
In the present cases, precautionary STA-MCA bypass was established prior to approaching the aneurysm in all patients, and reconstruction of a perforator was performed after removal of the aneurysm in three cases. Although direct neck clipping was the first option, most of the aneurysms were judged unclippable based on preoperative examinations and intraoperative findings. A resourceful response to emergent intraoperative situations was required according to the character of each aneurysm. Intraoperative MEP was quite useful in such situations, so should be prepared for all direct surgical treatments of giant MCA aneurysms including emergent cases. Detailed preoperative information about incorporated perforators may prevent perforator ischemia in the future.
This series demonstrated that good although not perfect outcomes can be achieved by the surgical treatment of giant MCA aneurysms, despite the potential hazards and complexity. Perforator ischemia is an inevitable problem encountered in the treatment of giant MCA aneurysms and we have to overcome this challenging issue. Only expert neurosurgeons can perform the microvascular reconstruction techniques required, but we believe that these techniques are essential for complete cure of giant MCA aneurysms.
